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1. Introduction
  Phospholipases are a heterogeneous group of enzymes that 
share the ability to hydrolyze one or more ester linkage in 
glycerophospholipids. Phospholipase C (PLC) hydrolyzes the 
phosphodiester bond in the phospholipid backbone[1]. There 
are sundry functions for phospholipases in prokaryotic 
biology, including their noteworthy contributions to 
microbial virulence[2]. The most important class of 
phospholipases that have shown to play a significant role 
in pathogenesis is PLC[3]. PLC can be classified into Gram-
positive PLCs and Gram-negative PLCs[4,5]. All Gram-
positive PLCs, prototyped by those of Clostridia, Bacillus 
and Listeria, have molecular masses ranging from 29-
43 kDa[4]. Gram-negative PLCs is a superfamily of PLCs 
with molecular weights of 50-80 kDa and prototyped by 
Pseudomonas aeruginosa (P. aeruginosa) PLC[6]. 
  There are numerous industrial applications for 
phospholipases. Lipopan FTM, by Novozymes A/S, a 
phospholipose A from Fusarium oxysporum is in the market 
for baking application[7]. Hydrolysis of milk phospholipids 
with phospholipases before renneting process significantly 
increases cheese yield, possibly due to fat retention[8]. 
PLC mediated oil degumming is a well established process 
step in the physical refining of vegetable oil[9]. This article 
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deals with different parameters that may affect the catalytic 
activity of PLC produced by two different clinical isolates 
as well as the substrate specificity of the two produced 
enzymes.
2. Materials and methods
2.1. Chemicals
  All chemicals were supplied, unless otherwise stated, by 
El-Nasr Chemicals (Adwic), Egypt. Phospholipid substrates, 
p-nitrophenylphosphorylcholine (NPPC) and bovine serum 
albumin (BSA) fraction V were products of Sigma-Aldrich 
Co., St. Louis, MO, USA.
2.2. Bacterial strains and maintenance
  Isolates D101 and D183 were obtained through screening 
of 230 clinical isolates for phospholipase production. Both 
isolates were recovered from pus specimens obtained from 
patients of El-Demenrdash Hospital, Cairo, Egypt[10]. 
2.3. Enzyme production
  Cells from 1-day-old cultures on nutrient agar (Difco) 
slants were harvested in sterile normal saline. The final 
count in the cell suspension was adjusted to about 2伊
10
8 CFU/mL turbidimetrically at 640 nm with reference to 
calibration curves constructed for each isolate between 
turbidity of the bacterial suspension and the bacterial count 
determined using the viable count technique. The growth 
medium used for the production of PLC from P. aeruginosa 
D183 was phosphate-starved tris minimal medium [100 mM 
Tris-HCl (pH 7.2), 11 mM glucose, 5 mM NH4Cl, 0.01 mM 
KH2PO4, 0.5 mM K2SO4, 0.1 mM CaCl2, 10 mM MgCl2] and from 
B. cereus D101 the same medium was used but supplemented 
with 0.05% sodium cholate. Incubation was done at 37 曟 in 
a platform orbital shaker at 225 rpm for 48 h.
2.4. Partial purification of PLC
  This was carried out as described by Wang[11]. Cells were 
removed from 500 mL of culture by centrifugation at 3 220 
伊 g for 20 min. Solid ammonium sulfate was added very 
slowly, while stirring at 4 曟, to cell-free supernatant to 
70% saturation (472 g/L), and the mixture was stirred slowly 
at 4 曟 overnight. The resulting precipitate was pelleted at 
20 000 伊 g for 20 min at 4 曟 using Beckman J2-HS cooling 
centrifuge (Beckman Instruments Inc., Palo Alto, CA, USA). 
Formed pellet was suspended in 25 mL of 10 mM Tris-HCl, 
pH 7.2. Suspension was loaded in dialysis tubing (molecular 
weight cutoff, 6-8000 Da) and dialyzed for 48 h at 4 曟 
against the same buffer, which was replaced by fresh buffer 
after 24 h. Protein concentrations were measured by method 
of Lowry[12] using BSA as a standard.
2.5. Enzyme assays
2.5.1. Chromogenic assay 
  PLC activity was measured by the method of Kurioka[13], 
adapted to a microtiter system by Berka[14]. Four hundred 
units (One unit of PLC activity was defined as the amount of 
enzyme that released one nM of p-nitrophenol by hydrolysis 
of NPPC per min at 37 曟[14] of the partially purified PLC 
were added to 90 毺L of NPPC reagent in a microtiter test 
plate. NPPC reagent contained 250 mM tris (hydroxymethyl)- 
aminomethane-hydrochloride buffer (pH 7.2), 60% glycerol 
(wt/wt), 1.0 毺M ZnCl2, and 10 mM NPPC. Plates were then 
incubated at 37 曟 for 17 h before the absorbance at 405 nm 
was measured with MicroReader 4 plus microplate reader 
(Hyperion. Inc., USA). A yellow color was developed in 
positive cases. Blank containing 10 毺L of the clear growth 
supernatant fluid and 90 毺L of NPPC reagent lacking 
chromogenic substrate, and control containing 10 毺L 
uninoculated culture medium and 90 毺L NPPC reagent 
were treated similarly. 
2.5.2. Turbidometric assay
  Activity of PLC against different phospholipid substrates 
was measured turbidimetrically as stated by Geoffroy[15]. 
Reaction mixtures containing 200 毺L phospholipid 
substrate solutions (phospholipid substrate, 3.6 g; sodium 
cholate, 2.4 g; ZnSO4, 1 mM final concentration; distilled 
water, 100 mL) and 700 毺L normal saline were incubated 
with 100 毺L of partially purified enzyme preparations at
37 曟 for 17 h. At the end of incubation, enzymatic activity 
was estimated turbidimetrically at 510 nm using an Ultrospec 
2000 spectrophotometer (Amersham Pharmacia Biotech, 
Piscataway, NJ, USA). Positive reaction was indicated by 
an increase in turbidity of solution. Measurements were 
done against a blank containing normal saline instead 
of substrate solution. For each phospholipid solution, a 
reaction mixture without enzyme addition was treated 
similarly to serve as control. Relative activities of PLC 
toward different phospholipid substrates were determined 
in comparison to its activity toward the universal substrate; 
egg-yolk phosphatidylcholine. Turbidity produced by 
a constant amount of enzyme when reacted with test 
phospholipid substrate was compared to that produced by 
the same amount of enzyme when reacted with egg-yolk 
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phosphatidylcholine at the same concentration[16]. 
2.6. Characterization of catalytic activity
  To determine the effect of pH on enzyme, activity was 
measured at various pH values (pH 5-11) and to determine 
the effect of temperature, activity was measured at various 
temperatures (20-50 曟). However, for studying metal 
requirement, NPPC reagent lacking zinc chloride was used 
and several bivalent cations were added at concentrations 
0.1-10 mM. Relative enzyme activity was expressed as 
percentage of the original activity. The same was done for 
ethylenediaminetetracetic acid disodium. 
2.6.1. Thermostability testing 
  Thermostability testing was determined by incubating 
partially purified enzyme preparations at 40-90 曟 for 15 min 
using ATC 401, Nyxtechnik thermal cycler (Nyxtechnik, San 
Diego, CA, USA) then cooling immediately in an ice bath. 
Residual enzyme activities were then measured. 
2.6.2. Determination of substrate specificity of PLC 
  Determination of substrate specificity of PLC was carried 
out by testing the ability of PLC from the two isolates D183 
and D101 to hydrolyze different phospholipid substrates. 
Tested phospholipids were phosphatidylcholine (PC) from 
soybean, PC from egg yolk, phosphatidylethanolamine 
(PE) from Escherich coli (E. coli), PE from egg yolk, 
phosphatidylinositol (PI) from soy bean, phosphatidylserine 
(PS) from bovine brain, phosphatidylglycerol (PG) from 
egg yolk, Sphingomeylin (SM) from bovine brain and 
cardiolipin from bovine heart. PLC activity was measured 
turbidimetrically as described. Partially purified PLC 
preparations were incubated with test phospholipid 
substrate solutions at 37 曟 for 17 h before enzymatic activity 
was estimated turbidimetrically at 510 nm. 
3. Results
3.1. Partial purification of PLC from P. aeruginosa D183 
and B. cereus D101 culture supernatants
  The different parameters measured for the partially purified 
enzyme preparations as well as the growth supernatants of 
the selected two isolates are summarized in Table 1.
3.2. Effect of different factors on catalytic activity of PLC 
from P. aeruginosa D183 and Bacillus cereus (B. cereus) 
D101
3.2.1. Effect of pH
  For P. aeruginosa PLC, optimum pH values for activity 
were 7 and 8. The activity decreased sharply at higher pH 
values and became negligible at pH 11. However, for B. cereus
PLC, activity was detected at all pH values tested, although 
Table 1
Different parameters measured for the partial purified PLC preparations from P. aeruginosa D183 and B. cereus D101 in comparison to growth 
supernatants.
Isolate Fraction Volume (mL) Total protein (mg) Total activity (unit) Specific activity
(unit/mg protein)
Recovery (%)
P. aeruginosa D183 Growth supernatant 480 141.12 40  680 0 00   288 265.30 100.00
Partially purified preparation   25   16.30 29  687 500 1 821 319.01   72.98
B. cereus D101 Growth supernatant 480   58.79 24  312 000   413 539.71 100.00
Partially purified preparation   25   18.55   4 460 000   24 0431.27   18.35
Table 2
Activity of PLC toward different phospholipid substrates.
Phospholipid substrate
Relative PLC activity*
 P. aeruginosa D183 PLC B. cereus D101 PLC
Phosphatidylcholine from egg yolk 100.00% 100.00%
Phosphatidylcholine from soy bean   73.00%   72.00%
Phosphatidylethanolamine from E. coli   14.00%   12.00%
Phosphatidylethanolamine from egg yolk     7.62%   12.00%
Phosphatidylinositol  from soy bean     3.38%     3.42%
Phosphatidylserine from bovine brain     4.47%     3.21%
Phosphatidylglycerol from egg yolk     3.42%   11.58%
Sphingomyelin from bovine brain   39.69%   41.05%
Cardiolipin from bovine heart     2.64%     5.00%
*Relative activity was calculated as percentage of activity towards the universal substrate; egg yolk phosphatidylcholine (100% activity).
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extremely low at pH 5. Optimum pH values for B. cereus PLC 
activity were 8, 9 and 10 (Figure 1).
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Figure 1.  Effect of pH on activity of PLC from P. aeruginosa D183 
and B. cereus. D101.
 
3.2.2. Effect of temperature
  For P. aeruginosa D183 PLC, no activity was detected 
below 30 曟 and a sharp decrease was detected above 40 曟;
however for B. cereus D101, various levels of activity were 
detected at all tested temperatures (Figure 2). Maximum 
activity was obtained at 4 曟 for PLC from P. aeruginosa 
D183 and 37 曟 for PLC from B. cereus D101. 
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Figure 2. Effect of temperature on activity of PLC from P. aeruginosa 
D183 and B. cereus D101.
3.2.3. Effect of inorganic phosphate (Pi)
  A range of concentrations; 0.05, 0.1, 0.2, 0.5, 1, 5, 10, 50,
100 mmol/L of potassium monobasic phosphate was 
tested. Slight stimulation of activity was detected at low Pi 
concentrations; 0.05-1 mmol/L for P. aeruginosa PLC and 
0.05-0.2 mmol/L for B. cereus PLC (Figure 3) followed by an 
inhibition until activity was completely abolished at 100 and 
50 mmol/L for P. aeruginosa and B. cereus PLCs respectively.
3.2.4. Effect of metal ions
  NPPC reagent free from ZnCl2 was used and activity was 
measured before and after the addition of various metal 
chlorides. Tested metal chlorides were barium chloride, 
calcium chloride, cobalt chloride hexahydrate, lithium 
chloride, magnesium chloride heptahydrate, manganous 
chloride tetrahydrate, nickel chloride hexahydrate, and zinc 
chloride. Each metal chloride was tested at concentrations; 
0.1, 0.5, 1, 5, 10 mM.
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Figure 3. Effect of inorganic phosphate (K2HPO4) on activity of PLC 
from P. aeruginosa D183 and B. cereus D101.
3.2.5. Effect of metal ions on the catalytic activity of PLC 
from P. aeruginosa D183
  The activity of PLC from P. aeruginosa D183 was not 
affected by the removal of Zn2+, as comparable activities 
were obtained when NPPC reagent with and without ZnCl2 
were used (Figure 4A). 
3.2.6. Effect of metal ions on the catalytic activity of PLC 
from B. cereus D101
  When NPPC reagent free from ZnCl2 was used, activity of 
PLC from B. cereus (35 U/毺L) dropped to almost zero (0.8 U/毺L).
Activity was restored, at various degrees, by addition of 
all tested metal ions. MnCl2 was found to cause maximum 
enhancement (approximately 160% at concentration
10 mmol/L ) .  Zinc ions inhibi ted PLC act ivi ty  at 
concentrations starting from 1 mmol/L and nearly abolished 
it at 10 mmol/L (Figure 4B).
3.2.7. Effect of EDTA
  EDTA did not remarkably affect activity of P. aeruginosa 
D183 PLC at concentrations 0.1, 0.5, 1, 5, and 10 mmol/L. 
However, it showed an 80% inhibition of PLC from B. cereus 
D101 starting from 0.5 mmol/L and higher concentrations 
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(Figure 5). 
140
120
100
80
60
40
20
0
R
el
at
iv
e 
ac
ti
vi
ty
 (%
)
Mg         Ca           Ba           Mn       Co          Ni           Zn             Li
0.1 mmol/L   0.5 mmol/L  1 mmol/L    5 mmol/L  10 mmol/L
(A)
1 600
1 400
1 200
1 000
800
600
400
200
0
R
el
at
iv
e 
ac
ti
vi
ty
 (%
)
Metallon
Mg         Ca           Ba           Mn       Co          Ni           Zn           Li
0.1 mmol/L       0.5 mmol/L      1 mmol/L       5 mmol/L      10 mmol/L
(B)
Metallon
Figure 4. Effect of some metal ions on activity of PLC from P. 
aeruginosa D183 (A) and B. cereus D101(B). 
Relative activity was calculated as percentage of activity in absence of 
metal ions where 47.6 U/毺L was considered as 100% activity.
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Figure 5. Effect of EDTA on activity of PLC from P. aeruginosa D183 
and B. cereus D101. 
Relative activity was calculated as percentage of activity in 
the absence of EDTA where 45.5 U/毺L and 37.7 U/毺L
were considered as 100% activity for P. aeruginosa D183 and
B. cereus D101, respectively.
3.2.8. Thermostability testing. 
  Enzyme preparations from the two test isolates retained 
approximately 50% of their activities after incubation at 55 曟,
and lost their activities at 70 曟 (P. aeruginosa PLC) and 80 曟
(B. cereus PLC) (Figure 6).
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Figure 6. Effect of temperature on stability of PLC from P. aeruginosa 
D183 and B. cereus D101. 
Residual activity was expressed as percentage of the initial activity 
before heat treatment where 43.1 U/毺L and 35.8 U/毺L were 
considered as 100% activity for P. aeruginosa D183 and B. cereus 
D101 respectively.
3.2.9. Activity of PLC on different phospholipid substrates
  PLC from P. aeruginosa D183 hydrolyzed phospholipids 
in the following order: egg yolk PC, soy bean PC, SM, PE 
from E. coli, PE from egg yolk. The enzyme showed very low 
affinity toward PG, PS, PI and cardiolipin (Table 2). PLC from 
B. cereus D101 hydrolyzed phospholipids in the following 
order: egg yolk PC, soy bean PC, SM, PE from E. coli or from 
egg yolk, then PG. The enzyme showed very low affinity 
toward PI, PS and cardiolipin. 
4. Discussion
  PLCs from the two test isolates were found to have optimum 
activities at an alkaline pH and at 37 and 40 曟. Similar results 
were recorded by other researchers; Sugimori[16] recorded 
that maximal activity of partially purified PLC from a strain 
of Pseudomonas sp. was 7.2 and between 40 and 60 曟,
Hergenrother[17] reported that optimal pH for activity of 
B. cereus PLC was 8. Vis-à-vis, Durban[18] reported that 
the highest activity of PLC in the culture supernatants 
of 12 strains of B. cereus against NPPC was at an acidic 
pH between 3.5 and 6 at 20 to 60 曟. Results obtained in 
the present study show that human body’s physiological 
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conditions could favor catalytic activity of P. aeruginosa 
PLC, hence virulence of this isolate. Secretion and 
accumulation of PLC in food could contribute to the hazards 
associated with B. cereus food poisoning.
  Finding out that PLC production is dependent on the level 
of inorganic phosphate in the medium[10], drew some interest 
to study the effect of inorganic phosphate on activity of 
PLC. Results have shown that Pi has an inhibitory effect 
on activity of PLC from both isolates at concentrations 
5 mM and higher. This may confirm its role in securing 
phosphate supplies to producing isolates as their activities 
are inhibited in Pi levels. Hansen[19] reported similar results 
and could determine crystal structure of the complex formed 
between PLC from B. cereus and inorganic phosphate. In 
this complex, which was obtained at 2.1˚ resolution, the 
phospho moiety binds to the three Zn ions at the catalytic 
site of PLC, where one of the non-bridging oxygens on the 
phosphate replaced the bridging water molecule between 
Zn1 and Zn3, while the other oxygen displaced one of the 
waters coordinated to Zn2. Determining the structure of the 
phosphate inhibitor complex provided additional evidence 
for the crucial role of Zn ions in the catalytic process. 
 Activity of PLC from P. aeruginosa D183 was not affected 
by removal of ZnCl2 proving that PLC from this isolate has 
no requirement for zinc as a cofactor. This observation 
was confirmed by the results showing that enzyme activity 
was not affected by addition of EDTA (up to 10 mM) to the 
reaction medium. This property is quite different from 
those of PLC produced by Gram-positive bacteria, which 
contain essential zinc ions[13,15]. Nevertheless, ZnCl2 had 
an inhibitory effect on PLC activity from this isolate at 
concentrations 1 mM and higher. Tawara[20] indicated that 
Zn2+ competitively inhibited PLC activity against NPPC with 
an apparent Ki of 0.3 mmol/L, and hemolytic activity of PLC 
was remarkably decreased in the presence of Zn2+. 
  Activity of PLC from P. aeruginosa D183 was not 
significantly enhanced by divalent metal ions, in contrast 
with PLCs of various bacteria, which have been reported 
to require Ca2+, Mg2+ or Zn2+. The property of PLC from
P. aeruginosa is similar to that of phosphatidylinositol-
specific phospholipase C (PI-PLC) in that there is no 
requirement of metal ions for activity[21]. 
  B. cereus PLC is a tri-Zn enzyme with two tight binding and 
one loose binding sites[17,22]. This explains why PLC from
B. cereus D101 lost its catalytic activity when tested in 
absence of ZnCl2 or when EDTA was added. The tested 
divalent cations, in addition to Li+, could replace Zn, 
restore and increase enzyme activity. The inactivation was 
accompanied by the removal of one zinc atom from the 
enzyme and could be reversed by the addition of divalent 
cations. Prolonged exposure to o-phenanthroline removed 
the second zinc atom also and produced an enzyme 
species which was reactivated by Zn2+ only. These results 
are consistent with the view that PLC from B. cereus is a 
metalloenzyme[17]. 
  One of the interesting features about PLC is its remarkable 
stability[21,23]. Enzyme preparations retained 50% of their 
activities after exposure, for 15 min, to 55 曟. This noticeable 
thermal stability makes the enzyme candidate for indusial 
application. Phospholiapse A from various sources is also 
a very stable enzyme[24]. Stability may arise from extensive 
disulphide cross-linking in the enzyme. Possibly the 
metalloenzyme character of PLC from B. cereus accounts for 
the high stability of this enzyme.  
  PC was the best substrate for P. aeruginosa D183 and B. 
cereus D101 PLCs. SM and PE, regardless of source, were not 
such good substrates and PI, PS, PG and cardiolipin could all 
be considered non-substrates. This specificity range comes 
in agreement with that found by other investigators[21,23] 
This substrate specificity reflects apparent affinity for 
phospholipids having quaternary ammonium side groups[25]. 
Interestingly, these phospholipids are major components of 
eukaryotic cell membranes and are almost never found in 
prokaryotes[26]. This selective ability may explain why the 
invading organism can lyse host cells without damaging its 
own membrane. These findings also support the hypothesis 
that PLC functions as part of a phosphate-scavenger 
system where it degrades host phospholipids producing 
phosphomonoesters that are acted upon by alkaline 
phosphatase releasing inorganic phosphates. They also 
suggest that the enzyme is not involved in autolysis of the 
bacterial cells. 
  PC, toward which PLC from the test isolates has shown 
maximum affinity, constitutes 70% of lung surfactants[27], 
thus degradation of PC of lung surfactant by PLC from
P. aeruginosa in cystic fibrosis patients could be involved in 
induction of the characteristic alveolar epithelial injury and 
therefore enhance bacterial colonization.
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